The purpose of this study was to determine the presence of IMP and OXA genes in clinical strains of Pseudomonas aeruginosa (P. aeruginosa) that are carriers of the ampC gene. Methods: In this study, 105 clinical isolates of P. aeruginosa were collected. Antibiotic resistance patterns were determined using the disk diffusion method. The strains carrying AmpC enzymes were characterized by a combination disk method. Multiplex-PCR was used to identify resistance and virulence genes, chi-square test was used to determine the relationship between variables. Results: Among 105 isolates of P. aeruginosa, the highest antibiotic resistance was to cefotaxime and aztreonam, and the least resistance was to colictin and ceftazidime. There were 49 isolates (46.66%) that showed an AmpC phenotype. In addition, the frequencies of the resistance genes were; OXA48 gene 85.2%, OXA199, 139 3.8%, OXA23 3.8%, OXA2 66.6%, OXA10 3.8%, OXA51 85.2% and OXA58 3.8%. The IMP27 gene was detected in 9 isolates (8.57%) and the IMP3.34 was detected in 11 isolates (10.47%). Other genes detected included; lasR (17.1%), lasB (18%) and lasA (26.6%). There was a significant relationship between virulence factors and the OX and IMP genes (p ≤ 0.05).
Introduction
Beta-lactams are used globally as the appropriate choice to cure bacterial infections. These drugs inhibit cell wall construction and possess a beta-lactam central circle [1] . In the past decades, several extended spectrum beta-lactamases (ESBLs) have been discovered in gram negative bacteria and have been classified into 4 groups including; penicillinases, metallo beta-lactamases, oxacillinases and cephalosporinases.
Class C has an enzyme named AmpC. All strains of Pseudmonas aeruginosa (P. aeruginosa) carry an attenuated transcript of the ampC gene on the chromosome which could be induced by exposure to first generation cephalosporines and produce AmpC enzymes. Also, P. aeruginosa produces a wide range of beta-lactamases which are transferred on plasmids and other mobile genetic elements [2] .
IMP-1 belongs to Class B of the beta-lactamases with extended spectrum metallo beta-lactamases, which hydrolyze all beta-lactams except for aztreonam, and are resistant to clavolanic acid and sulbactam [2] . Since these enzymes hydrolyse imipenem and meropenem, they are known as carbapenemase. IMP was firstly reported in P. aeruginosa as a gene carried on plasmid, and then subsequently discovered that it could be transferred on integrons. Therefore, this may explain why IMP spreads in some genus of entrobacteraceae [3] . The other group of beta-lactamases are oxacillinases.
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Materials and Methods
Collection of specimens
In this descriptive-analytic study, which was performed in a period of 7 
Isolation and identification of P. aeruginosa
The isolates were cultured on blood agar and MacConkey agar (Merck, Germany) and incubated at 42°C. P. aeruginosa showed a lactose non-fermenter appearance on MacConkey agar.
The resulting colony was then transferred to the TSI (Merck, Germany). The isolates were all oxidative organisms when grown on Hugh and Liefson medium and were able to reduce nitrate to nitrite. Identification of tested isolates was confirmed with an API 20E (bioMérieux) identification kit. Stock cultures were stored in 0.05 M K-Na-phosphate buffer, pH 7.0, and containing 15% glycerol at -20°C.
Minimum inhibitory concentration testing
All tested P. aeruginosa isolates were screened for minimum 
AmpC testing
Based on Clinical and Laboratory Standards Institute recommendations, to investigate AmpC producing strains of P. aeruginosa, cefoxitin (30µg) disks (Mast. England) were used with AmpC inhibitors based on the study by Tam et al [3] .
Klebsiella pneumoniae ATCC700603 and P. aeruginosa ATCC27853 were applied as positive and negative control, respectively [9] [10] [11] .
Genomic DNA and plasmid extraction
Strains were inoculated in LB broth (Merck, Germany) and incubated at 37°C. In order to extract genomic DNA and plasmid, an extraction kit (Qiagen, Germany) was used according to the manufacturer's instructions.
PCR Amplification and Gel Electrophoresis
For the amplification of resistance and virulence genes, sequences of primers proposed by Mlynarcik et al [11] and Fazeli et al [12] were used. The programmable thermal cycler 
Sequencing
PCR products (amplicons) were purified and sequenced by Bioneer Co., Korea mediated by Pishgam Co., Iran and the data were analyzed using the Chromas software and compared to the microbial genome using the Basic Local Alignment Search Tool (BLAST) in order to confirm the sequence authenticity.
Statistical analysis
Statistical presentation and analysis of the present study was conducted, using the mean, standard error, chi-square and linear correlation coefficient tests of SPSS 16.0 for Windows (SPSS, Inc. Chicago, IL, USA). isolates (54.71%) were AmpC producing P. aeruginosa which were collected from burn wounds (21 isolates), blood (11 isolates), urine (9 isolates), and catheters (7 isolates). Patients colonized with AmpC producer strains were between 40-60 years old.
Results
Out
Frequency of resistance genes in AmpC and non-AmpC producer strains
Out of the 48 isolates that carried the AmpC encoding gene, 
Relationship between Variants
There was a significant correlation between antibiotic resistance and virulence factors (Tables 4 and 5 ). In addition, there was a significant relationship between the presence of AmpC enzymes and OXA and IMP genes. AmpC producing P. aeruginosa strains were significantly associated with resistance to cefoxitin, cefpodoxime, cefotaxime, ceftazidime, ciprofloxacin, colistin, azteronam, and ceftriaxone (p < 0.05), as determined using SPSS16 software.
Results of gene sequencing
All our PCR products were assigned to the microbial genome using the Basic Local Alignment Search Tool (BLAST) and showed the same DNA sequences, therefore all PCR assay results were confirmed. Total  48  3  3  4  9  4  7  4  4  11  2  4  8  14  12   Female  32  2  2  3  6  2  5  3  2  8  2  1  7  7  5   Male  16  1  1  0  3  2  2  1  2  3  0  3  1  7  6   Table 2 . Distribution of antimicrobial resistance and virulence factors genes in clinical isolates of P. aeruginosa AmpC. non-AmpC n = 57 
Source of Isolation
Ampc
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Discussion
The relationship between antibiotic resistance patterns and the presence of virulence factors has been widely studied.
Other factors may influence the activity of virulence factors in P. aeruginosa, including gender, type of clinical specimen, and even the activity of certain antibiotic resistance enzymes [12, 13] . In this study, the highest frequency of virulence strains was isolated from female patients. The role of gender in the exacerbation of infections caused by P. aeruginosa were examined in this study. As previously mentioned in different studies from Iran, Canada and United States, the severity of infection may be affected by gender [14, 15] . In accordance with studies in Iran, Pakistan, Sudan, Italy, and China, our data demonstrated high resistance to ceftriaxone and cefotaxime, and highest susceptibility to carbapenems.
It seems that selection pressure occurs when there is exposure to microorganisms due to increased consumption of cephalosporin in healthcare settings and the community, resulting in enhanced resistance [16] [17] [18] [19] .
Source of Isolation
Non-AmpC Strain
Four isolates in our study were found to harbor both lasA and lasB, with 5 isolates carrying the lasR gene. These isolates included 4 isolates from the same patient. Therefore, previous assertions that these genes are mutually exclusive in clinical isolates were contradicted in this study, as also noted in a number of previous studies [12] . The frequency of pathogenic genes in our study differs from the results showing lasA, lasB and lasR genes being be present in a clinical specimen, but the effect of these genes on the abundance of each other has also been previously shown [11, 12, 14] .
One of the main reasons for the increased activity of P. aeruginosa in women may be the imbalances in the body's hormonal system. Estrogen intensifies inflammation due to increases in neutrophils and other white blood cells which results in an elevated level of biofilm formation in P. aeruginosa strains and consequently antibiotic resistance [13] .
Menstruation in women causes iron deficiency in the body.
P. aeruginosa uses 2 siderophores for transferring trivalent
iron. In the studies by Oglesby et al [13] and Tomaras et al [15] , the effects of presence and absence of iron in the body of the patients were investigated, showing a significant relationship between the presence of iron and antibiotic resistance in P. aeruginosa. It was also reported that the bacterium was detected in the presence of iron and could increase its pathogenic activity. Although, the prevalence of infections in males was reported to be higher than females in some studies from Canada and Belgium [20, 21] .
Variables such as antibiotic resistance, temperature variations, gene mutations, changes in the position of genes from chromosomal to plasmid, and the presence of certain elements can affect the appearance of virulence factors [15] .
In our study, there was a significant relationship between antibiotic resistance and virulence factors. In a study by Schroeder et al [7] , one of the bacterial resistance factors was antibiotic alteration of external structure and the production of certain specific proteins. In this way, the bacteria, when exposed to high concentrations of antibiotics, also changed the activity of their regulatory systems due to their adaptation, which produced biofilms and initiated QS activity. QS activates 2 component systems, and this triggers the occurrence of high levels of resistance in the bacteria [7] .
Meanwhile, virulence factors can affect some beta-lactamase enzymes. The study on AmpC type beta-lactamase began in the late 1970s. AmpC enzymes, which are often inducible by beta-lactams, are coded by chromosomal genes and are also found in many strains of P. aeruginosa [22] . Extended resistance to a wide range of antibiotics and even carbapenems may be developed in AmpC producer strains of P. aeruginosa.
In the current study, more than half of isolates were AmpC producers with a high prevalence of resistance to cefoxitin and in AmpC producer strains, there was no evidence for this in the current study [28] .
The present study showed that there was a significant relationship between the presence of beta-lactamase genes and AmpC enzymes. The genes responsible for the resistance of β-lactamase-resistant enzymes, such as AmpC and ESBLs, are in some cases transported onto the plasmid. This causes the transfer of genes between different gram-negative bacteria and causes the creation of resistant and pathogenic strains. In a study by Logan et al [29] , genes located on plasmid were shown to be one of the most important reasons for the development of Enterobacteriaceae via the enzyme AmpC and ESBLs.
However, ESBLs and AmpC can confer carbapenem resistance when associated with alteration or loss of porins, a family of proteins on the outer membrane of gram-negative bacteria [30] .
The results of this study showed that the genes responsible for resistance to various antibiotics were more frequent in isolates with a high pathogenicity. However, the prevalence of these isolates was highest in burn wounds and urine specimens. The presence of strains with QS element genes in burn wounds and urinary tract infections was due to the fact that bacteria increase their biofilm production and can resist external and environmental factors. As mentioned in studies by Heydari et al [31] , Turk [32] and Ellappan et al [33] biofilm producer strains of P. aeruginosa indicated a high level resistance to ESBLs, MBLs and carbapenemases. In other words, P. aeruginosa has a high resistance to many antimicrobial and antiseptic agents. In addition, the widespread use of antibiotics in recent years has made the bacterium resistant to broadspectrum antibiotics from various antibiotic groups.
The results of this study showed that the samples obtained from burn and discharge wounds had the highest genetic distribution. Also, infections caused by catheter and urinary tract infections also had a remarkable distribution for ampC genes. Cornut et al [34] showed that samples that have been exposed to infections caused by high levels of antibiotics, are more resistant to antibiotics and treatment than other bacterial infections. Thus, this relationship indicates that the detection of strains carrying the enzyme AmpC can be prevented.
Therefore, it is suggested that in subsequent studies, the measurement of the level of elastase (lasB) and serine protease (lasA) enzymes should be measured.
Conclusion
The association between antibiotic resistance and virulence factors may play a significant role in outbreaks of P. aeruginosa infections. Therefore, the presence of virulence factors in P.
aeruginosa may cause some changes in beta-lactam resistance, so that QS and biofilm provide a basis for resistance to betalactamase enzymes. In addition, the activity and presence of certain enzymes such as elastase (lasB) and serine protease (lasA) in strains with resistance should be considered.
Conflicts of Interest
No potential conflicts of interest relevant to this article.
